Background-The objective was to evaluate the impact of complete revascularization (CR) versus reasonable incomplete surgical revascularization (IR) in others than left anterior descending artery territory on early and late survival in patients with multivessel coronary artery disease (CAD 
C omplete revascularization (CR) has been considered the standard approach in coronary artery disease (CAD). This has partially been based on a study from 1981, reporting a 5-year survival rate of 84% in patients with CR compared to 69% in those with incomplete revascularization (IR). 1 Nevertheless, data on this dogma remain very limited so far and therefore this issue is not precisely defined and highlighted in the contemporary guidelines for coronary artery bypass graft (CABG) surgery. 2 Moreover, studies validating this principle were performed in the early CABG era on younger patient populations with predominantly saphenous vein graft use and included patients with calculated IR of potentially good graftable vessels based on contemporary interpretation.
However, even when CR is a major goal, there remain several reasons to perform reasonable surgical IR, based on preoperative assessment (eg, nondominant diseased right coronary artery, non-vital myocardium, attempt to avoid cardiac arrest for off-pump coronary artery bypass in highrisk patients, limited graft material), or more unexpected findings during the operation (ie, small target vessel, severely calcified artery, vessel not to be found, coronary injury).
Different definitions of CR exist in the literature. First, the traditional definition assumes CR when at least 1 bypass is performed in a significantly diseased primary arterial territory and is predominantly used in the early CABG era, including during the CASS study. [3] [4] [5] [6] [7] Second, the functional classification asks for bypass grafting to all major diseased and graftable coronary artery segments with significant flowcompromising lesions and was favorably approached in comparative randomized CABG versus percutaneous coronary intervention studies. 8, 9 Third, the index for completeness of revascularization, the surgical intention-to-treat ratio of the number of intraoperatively performed divided by the number of preoperatively planned distal coronary anastomoses can be used; it should be Ն1 for CR. 10, 11 These varying definitions and significant interobserver and interinstitutional variability regarding diseased and graftable coronary artery vessels seriously interfere with comparative data analysis on incomplete revascularization.
It is well known that in CAD, left main and proximal left anterior descending artery (LAD) lesions have the highest prognostic relevance. 12, 13 Thus, it can be speculated that bypass grafting of the LAD with the left internal mammary artery (LIMA) may mainly compensate the prognostic impact of multivessel CAD. CABG surgery has evolved in the past decade, allowing an individualized surgical concept including total arterial bypass grafting and off-pump coronary artery bypass surgery. To provide concurrent clinical data, we analyzed the early and late outcome of patients presenting with prognostic CAD including proximal LAD or left main stem lesions receiving LIMA-to-LAD grafting plus additional CR or reasonable IR.
Patients and Methods
From January 2000 until August 2007, a total of 11 269 consecutive patients underwent isolated CABG with LIMA-to-LAD bypass with proximal LAD or left main stem disease. Of these, 1145 patients received minimally invasive direct coronary artery bypass (MIDCAB) procedure, 373 were in deep cardiogenic shock, 474 had redo CABG, and 471 received sternotomy for 1-vessel disease of the LAD and were excluded from the study. A total of 8806 patients received sternotomy for prognostic relevant coronary multivessel disease as a primary CABG procedure and formed the study population. In patients after previous percutaneous coronary intervention, only coronary segments with target vessel restenosis or occlusion were considered as diseased. The traditional classification of IR was applied; 936 patients (10.6%) received IR because of small-vessel diameter in 63.1%, because of severely calcified target vessels in 25.3%, because of myocardial scar in 3.9%, and because of other reasons in 7.7%. Among the IR patients, 250 (26.7%) received no bypass graft to the circumflex and 686 (73.7%) received no bypass graft to the right coronary artery territory.
Diabetes was defined as hyperglycemia requiring medical treatment. Renal insufficiency and pulmonary hypertension was defined according to the EuroSCORE variables. 14 Onset of postoperative acute myocardial infarction was defined as type 5 (associated with CABG), according to the Consensus Document for universal definition of myocardial infarction. 15 Postoperative acute renal failure was assumed as requirement for continuous venovenous hemofiltration. Stroke was defined as transient or persisting postoperative hemiparesis or neurological dysfunction with morphological substrate confirmed by computer tomography or nuclear magnetic resonance. Major adverse cardiac and cerebrovascular events were assessed for all major cerebrovascular and cardiac events, including death of all cause.
Follow-up was 3.5Ϯ2.2 years. It was 100% complete for vital status and censored either at the time of last available follow-up or when death occurred. Follow-up was performed using a stepwise protocol of routine postal questionnaire, written or telephone contact to the patient, telephone contact to the family doctor, and contact at least to the local governmental office.
Surgical Technique
Full surgical revascularization was the goal in all patients preoperatively and hybrid procedures were not primarily scheduled. Routine sternotomy was performed and internal mammary artery takedown was performed using a skeletonized technique. LIMA was used in all patients for revascularization of the LAD. Cardiopulmonary bypass was established by standard ascending aortic and right atrial cannulation. Operative details of off-pump coronary artery bypass and conventional bypass surgery have been described previously. 16 
Data Analysis
All data were prospectively recorded. Continuous variables are expressed as meanϮSD and categorical data are expressed as proportions throughout the article. Categorical variables were compared using the 2 test and independent continuous variables were compared by 2-tailed Student test or Mann-Whitney U test as appropriate at a level of significance of PϽ0.05. Univariate and multivariate logistic regression model with stepwise backward procedure was performed to assess the impact of incomplete revascularization including 26 preoperative and 20 operative binary variables on hospital and cumulative survival (Tables 1 and 2 ). Results are described as odds ratio (OR) and 95% confidence interval (CI). Survival was calculated by Kaplan-Meier methods and log-rank test. The statistical analyses were performed using 14.0 SPSS software package.
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Results
Patient characteristics are presented in Table 1 . For patients receiving CR versus IR, significant differences were found regarding the prevalence of diabetes, hyperlipidemia, arterial and pulmonary hypertension, and complexity of CAD. Patients with emergency surgical indication had a lower rate of IR. There was also a strong trend for more IR in patients with previous percutaneous coronary intervention treatment (Pϭ0.058). Significant risk factors for IR by univariate logistic analysis expressed as OR are given in Table 1 and depicted in Figure 1 . Of these, 3-vessel CAD (OR, 1.56; Pϭ0.002) was a significant risk factor for incomplete revascularization by multivariate analysis, whereas 2-vessel CAD (OR, 0.66; Pϭ0.003), emergency indication (OR, 0.63; Pϭ0.046), left main disease (OR, 0.69; Pϭ0.004), and off-pump coronary artery bypass (OR, 0.343; Pϭ0.001) were protective.
Procedural details and operative data are demonstrated in Table 2 . Despite a significantly lower number of distal Patients receiving IR had a significantly higher rate of total arterial revascularization but less sequential grafting. The difference in bypass grafting to the right coronary artery territory (CR 67.1 versus IR 44.6%) was more obvious than to the circumflex territory (CR 87.0 versus IR 73.6%). There were no major differences in postoperative complications, including major adverse cardiac and cerebrovascular event rate between CR and IR patients (Table 3) . Hospital mortality was 3.3% for CR and 3.2% for IR (Pϭ0.520). Univariate analysis for hospital mortality of 46 preoperative and intraoperative variables revealed several significant risk factors for hospital mortality, whereas arterial grafting was protective (Figure 2 Overall cumulative survival was comparable between CR and IR patients (Figure 3) . The 1-, 3-, and 5-year survival rates were 93.0Ϯ0.3%, 88.3Ϯ0.4%, and 82.2Ϯ0.5% for CR compared to 93.6Ϯ0.8%, 87.0Ϯ1.3%, and 80.9Ϯ1.8% for IR (Pϭ0.457).
Subgroup analysis demonstrated no significant survival difference in patients with high extracardiac morbidity (logEuroSCORE Ͼ6). For these patients 5-year survival was 61.3Ϯ2.5% for complete and 54.0Ϯ3.2% for incomplete revascularization (Pϭ0.768). In addition, IR did not adversely affect the survival in the subset of patients with 3-vessel CAD or left main stem stenosis (data not shown). As demonstrated in Figure 4 , the primary territory of incomplete revascularization did not have an influence on cumulative survival. After 1 and 5 years, cumulative survival rates were 92.0Ϯ2.2% and 88.8Ϯ2.8% for IR of the circumflex territory versus 95.0Ϯ0.9% and 81.0Ϯ2.9% for IR of the right coronary artery territory, respectively (Pϭ0.718).
In multivariate analysis, independent risk factors for overall mortality were age older than 70 years (OR, 1 
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Discussion
CR is a major goal in CABG based on the long-existing principle that CR is superior to IR regrading long-term survival to early and long-term survival. However, reasonable IR occurs in the clinical practice but varies significantly between 9% to 39% in the literature, which is, among others, according to the non-standardized definition of IR. [3] [4] [5] [6] [7] [8] 11, 17, 18 Nevertheless, it might be crucial for some CV surgeons to admit having performed IR and to deal with its consequences, although reasons for IR were associated with patient-specific coronary pathology rather than the surgical quality. Prognostic impact of IR strongly varies in the limited number of retrospective analyses. [3] [4] [5] [6] [7] [8] 11, [17] [18] [19] This is also because of the use of different IR definitions, but it is also a result of different CABG era reports, including LIMA use, different patient populations, inhomogeneous CAD pattern, and varying follow-up periods. We here focused on the prognostic impact of IR of circumflex and right coronary artery territory in patients with lesions of the most important coronary segments, ie, the proximal LAD or left main stem. When performing LIMA-to-LAD bypass, it was hypothesized that reasonable IR of the circumflex or right coronary artery territory does not adversely affect survival. However, it must be stressed that reasonable surgical IR is strongly different from IR in percutaneous coronary intervention of multivessel disease when frequently good graftable vessels with large areas of viable myocardium remain untreated. 20 One of the major findings of the study was that hospital and late survival were comparable for IR and CR patients in presence of LIMA-to-LAD grafting. The issue of prognostic consequences of IR versus CR was highlighted by 3 reports 3-5 from the early CABG era using the traditional definition of IR. In a CASS study report of 3372 CABG patients with 3-vessel CAD who underwent operation between 1974 and 1979, no significant difference in operative mortality was found according to the number of grafted vessels. However, follow-up mortality showed a strong association with the number of performed bypasses, especially in the event of single bypass grafting. Jones et al 4 found similar consequences of IR regarding hospital and follow-up mortality in 2857 patients with multivessel CAD who underwent operation between 1978 and 1981 and during a 12-year follow-up. They also found that the number of diseased vessels and the left ventricular ejection fraction were the strongest predictors for IR. In a Cleveland Clinic analysis of 2067 patients treated from 1971 to 1997 with isolated LIMA-to-LAD bypass, those with additional nonrevascularized disease of the circumflex or right coronary artery territory demonstrated a significantly reduced long-term survival. 5 However, in contrast to them, we found no impact of IR on long-term survival. One reason for this discrepancy might be based on differences between contemporary patient populations and those of the early CABG period regarding age, life expectancy, cardiac and extracardiac comorbidities, and the infrequent use of internal thoracic artery grafting. 3, 4 Additionally, it might be reasonable that progression in modern secondary pharmacological treatment could compensate surgical IR in diffuse distal CAD of the non-LAD territories. It also has to be addressed that the follow-up was limited in our analysis compared to the aforementioned studies reporting extensive follow-up up to 20 years. This might be of relevance because survival curves between CR and IR have the potential to continually separate over time. [3] [4] [5] During the BARI study from 1988 to 1991, the investigators were unable to demonstrate a survival advantage of CR in 1526 patients with Ͼ80% internal mammary artery use. 19 In contrast Kleisli et al 17 reported a significant benefit in long-term survival for CR patients using contemporary strategies of arterial grafting. Other studies from the routine LIMA-to-LAD grafting era focused on IR in a limited number of selected patients and were conflicting regarding early and late outcome. 6 -8,10,11,17,18 In 1479 off-pump coronary artery bypass patients, Caputo et al reported a reduced survival in IR patients, which was evident only during the first 6 months after surgery. 6 They speculated that the preoperative condition of the patients rather than IR itself was the reason for this finding. Comparably, IR increased the early mortality in 263 patients with impaired left ventricular function and in 859 patients older than 75 years of age. 10, 11 In 500 octogenarians, Kozower et al 7 reported reduced hospital and long-term survival for IR, whereas Moon et al 18 found CR not to be associated with improved survival in octogenarians. 7, 18 It can be supposed that a higher risk of death early after IR might be simply a surrogate for advanced CAD and more extracardiac morbidities. 11 This is partially supported by our study results, because patients with IR presented more often with diabetes, hyperlipidemia, and arterial hypertension. However, compared to others, this was not translated into higher perioperative mortality in our series.
As in almost all CABG studies, we used the traditional classification for CR, allowing a reliable data recording. [3] [4] [5] [6] [7] 17, 18 Comparing both traditional and functional classification in 1507 CABG patients from the BARI study, the investigators found no independent long-term survival difference for traditional or functional classification regarding CR or IR. 19 Interestingly, they revealed the highest adverse event rate in patients receiving Ͼ1 distal anastomosis to a non-LAD territory. An early adverse effect of overly excessive surgical revascularization on major perioperative complications and acute myocardial infarction was also described recently and might be partially explained by a 25% venous graft failure rate during 1-year angiographic follow-up. 21, 22 Not surprisingly we identified several patient-specific risk factors for cumulative mortality. Of utmost importance was the finding that arterial bypass grafting with bilateral mammary artery use improved survival significantly and independently of the completeness of revascularization. It might be speculative that the lower number of distal anastomoses might be compensated by the higher number of arterial grafts in IR patients. However, bilateral mammary artery use is protective and should be considered in all CABG patients. We also found hyperlipidemia to improve long-term survival. It can be speculated that this might be a surrogate for optimized lipid-lowering medication, its positive effects on cardiovascular event rate, and protective pleiotropic effects. 23 
Limitations
There are some limitations of the present study. First, it was subject to all limitations inherent to a nonrandomized study, including potential selection bias regarding which patients underwent CR versus IR. This was addressed by identifying selection criteria for IR and using a multivariate logistic regression model to identify independent risk factors. However, such biases are impossible to fully eliminate when patient analysis is retrospective. Second, during follow-up we only focused on long-term survival. This is because complete follow-up data recording of angina status, major cardiac events, and repeat revascularization was possible in only 82% during the study period, and further efforts have to be made to complete these follow-up data. We also cannot fully exclude that the difference between IR and CR becomes significant over time.
Conclusions
The present study was performed to analyze the outcome of CABG patients who received IR versus CR in others than LAD territories. Small distal or severely calcified target vessels were the most frequent reasons for IR. Slightly Ͼ10% of all patients treated during a 7-year period received IR. The important finding of this study was that this subgroup of patients performed reasonably well. One-and 5-year mortality rates did not differ between patients receiving CR versus IR. Despite this positive finding, surgeons should not be misled to perform IR in patients with graftable vessels.
Because of modern armamentarium, surgeons now more so than in former decades can adapt their surgical strategy based on the individual patient risks. Bilateral mammary artery use was protective. For patients presenting with 1 poor target vessel, however, IR is a good therapeutic option and the benefit of CR should be balanced against the risk. Thus, hybrid concepts with LIMA-to-LAD via lateral thoracotomy (MIDCAB) might be an alternative to sternotomy in patients with significant surgical risk for IR. These data might also support an individual decision of less complete off-pump coronary artery bypass revascularization in patients at high risk for cardiopulmonary bypass.
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